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ABSTRACT 
In wet gas pipelines, monoethylene glycol (MEG) is widely used as a hydrate inhibitor, 
which can absorb free water and make decrease the corrosion rate of carbon steel pipeline. On 
the other hand, the presence of MEG affects on the solubility and diffusivity of CO2 in water. 
So, this paper presents a study of MEG inhibition properties in acid gas with CO2 content of 4 
mol. %, an influence of MEG content in the brine water, pH and temperature on the corrosion 
rate of carbon steel by linear polarization resistance (LPR) and mass loss methods. The results 
show that the more MEG content increases, the more corrosion rate decreases. However, this 
effect is not significant unless the MEG content in the bulk liquid phase is higher than 70 wt. %. 
Keywords: monoethylene glycol, corrosion in CO2
 
environment, corrosion inhibition. 
1. INTRODUCTION 
Natural gas in Vietnam is currently being exploited from 20 mines in three basins, such as 
Cuu Long, Nam Con Son, and Malay Tho Chu. The gas is transported by pipelines from the 
offshore system to the offshore or from the plant to the export port of refineries, etc. Such a large 
piping system when operating inevitable damage or defects caused by various causes, especially 
from within difficult to detect. 
Since subsea pipelines are surrounded by cold seawater, the water vapor originating from 
the gas reservoir condenses on the internal wall of the pipe and collects at the bottom of the pipe. 
This condensation is very corrosive, due to the presence of CO2 in the gas phase, which 
dissolves in the condensed water and forms carbonic acid (H2CO3) [1]. Hydrate formation needs 
to be avoided because it can plug pipelines that may cause operational problems and interrupt 
production [2]. Therefore, monoethylene glycol (MEG) is often used in the transportation of wet 
gas to prevent the formation of hydrates which can plug the pipelines. The drying action of 
injected glycol will lower the dew point of the gas. For this reason, it is expected to have a 
reduction on the condensation rate in the presence of water/glycol mixtures. 
Generally, carbon steel corrosion is reduced by MEG at ambient temperature and pressure 
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environment [3 - 7] due to main causes as follows: (i) Affect the solubility of CO2 in the liquid 
phase, resulting the increase in pH; (ii) Influent the iron carbonate solubility therefore, facilitates 
the formation of the protective film [3]; (iii) Decrease the free water content in gas phase [5] and 
(iv) May depress both anodic and cathodic reactions of corrosion in CO2
 
environment due to 
absorption of MEG on metal surface.  
However, the obtained results do not clarify detail the influence of MEG in the liquid phase 
(bottom of the line) on the corrosion rate and the possibility of transporting glycol from the 
liquid phase to the gas phase (top of line) and its corrosion rate at the top of line. Therefore, this 
study is conducted to investigate the influence of MEG on the corrosion behavior of carbon steel 
in CO2 environment, the commonly used pipeline material – API 5L X65. The effect of pH, 
MEG concentration, temperature on the corrosion rates of mild steel in CO2 environments have 
been characterized by electrochemical measurements, mass loss and surface analysis.    
2. MATERIALS AND METHODS 
2.1. Liquid phase preparation 
In this experimental, testing solutions have been prepared based on produced water from 
gas pipeline with a Cl- concentration of 225 ppm. 
The MEG used for the tests is a technical grade glycol. The properties of MEG as below: 
Chemical formula:  OH-CH2-CH2-OH. 
Melting temperature: -13.0 
o
C. 
Boiling temperature:  197.6 
o
C. 
Density at 20 
o
C:   1.1135 g/cm
3
. 
Solubility in water: High soluble. All experiments were done with MEG coming from the 
same batch of production to avoid difference in composition that could affect the results. Five 
different concentrations of MEG (0, 35, 50, 75 and 90 %) have been investigated. The pH of the 
liquid phase was measured prior each test in case with and without CO2.  
2.2 Material Characterization 
The type of steel is tested: API X-65 carbon steel from a piece of field pipe line (508 mm 
outside diameter pipe section, 14.3 mm thickness). This steel will be designated X65 
respectively. The chemical analyses of materials are shown in Table 1.  




















X65 comp. (%) 0,154 1,357 0,231 0,023 0,014 0,061 0,022 0,001 98,0 
2.3. Rotating Cylinder Electrode (RCE) Test Apparatus 
The electrochemical set-up consisted of a Potentiostat/Galvanostat Parstart 2273 and a 
rotating disk system.  This measurement is performed with an electrochemical cell. It includes a 
round bottom flask modified to permit the addition of inert gas, thermometer, and electrodes. 
 
 




Testing solution containing MEG should be deaerated by passing nitrogen in 2 hours to 
extrude dissolved oxygen in the solution. The counter electrodes are constructed from platinum 
grid, while the reference electrodes are a saturated KCl calomel reference electrode. The 
working electrodes are cylinders of API X-65 carbon steel. The working electrode has been 
prepared prior to immersion. The preparation of working electrode includes sequential wet 
polishing with 240 grits and 600 grits SiC paper. After determining the surface area of the 
specimen to the nearest 0.01 cm
2
, the specimen is degreased with a solvent such as acetone and 
rinsed with distilled water. 
The temperature of the solution in cell is sensed by a thermostat probe. The solution is 
heated to required temperature and aerated by CO2 gas in 30 min. After connecting the RCE 
with the electrochemical apparatus, the rotation speed is opened at 750 rpm (Rotation speed 
depends on Reynolds numbers). 
The measurement technique is electrochemical with the linear polarization resistance (PLR) 
to determine corrosion rate. The working electrode is polarized on the order of ±30 mV, relative 
to its Open Circuit (OC) potential with a sweep rate of 0.6 V/h.  
2.3. High Pressure – High Temperature (HPHT) Test 
This is the test exposure of coupons in laboratory apparatus – autoclave. The steps involved 
in this test follow the mass loss method [8]. First, coupons after preparation (according with 
ASTM G1 [9]) should be measured and weighed. Coupons were hanging and immersing in 
vessel of autoclave apparatus.  
Experiment will be conducted at 2 conditions of 28 
o
C and 45 
o
C, total pressure 140 bar and 
partial pressure of CO2 is 5.86 bar. Test solution is poured in vessel, secure the apparatus. The 
temperature of the test solution in cell is sensed by a thermostat probe. The solution is heated 
to required temperature. 
For high-temperature, high-pressure experiments using individual gases. First, CO2 gas is 
pressurized in the autoclave to the required partial pressure. Then, N2 gas is continuous 
pressurized in the autoclave to the total gas pressure at which the experiments are intended to be 
carried out. Testing time is 14 days. 
The coupons after experiment time sample are taken out and are evaluated corrosion rate 
and pitting factor. Retrieved coupons are used to calculate time-averaged values of corrosion 
rate at trial placements. Cleaning and evaluating retrieved coupon is carried out in CTAT lab 
incompliance with ASTM G1–03. 
The average corrosion rate calculated in mass loss test may then be obtained as follows: 
Corrosion rate = (K.W)/ (A.T.D)  
where: K = 8,76.10
4
, T = time of exposure in hours, A = area in cm
2
, W = mass loss in grams, 
and D = density in g/cm
3
. 
Corroded surface of the samples is characterized using scanning electron microscopy 
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3. RESULTS AND DISCUSSION 
3.1. Influence of the glycol concentration on pH  
Figure 1 presents the influence of MEG on pH of testing solution in case with and without 
saturated CO2. 
 
Figure 1. Influence of the MEG concentration on pH with & without CO2.
 
These results show the pH value of the solution without CO2 is 7.5 in absence of MEG 
which decreases to 6.4 in 70 % MEG solution. On the other hand, the pH of the solution in the 
absence of MEG drops to 4.04 after saturation with CO2 and does not change significantly with 
increasing MEG concentrations. This can be explained by keeping in mind that MEG is a weak 
acid and causes a decrease in the pH of the solutions with increasing amounts of MEG, while in 
CO2 saturated solutions the pH of the solution is determined by the partial pressure of CO2. 
3.2. Influence of the glycol concentration on corrosion rate 
3.2.1. Influence of the glycol concentration on bottom of line corrosion 
RCE test 
The results of corrosion test at 28 
o
C and 45 
o
C are shown in Figure 2 and Table 2. It is seen 
that corrosion rate decreases with an increase of MEG concentration at all condition test. 
  
Figure 2. Corrosion rates of carbon steel X65 in NaCl 225 ppm solution containing various    





















At both temperature of 28 °C and 45 
o
C, corrosion rate of carbon steel decreases fast and 
then kept stable at high protection efficiency when MEG concentration is more than 50 %. From 
Table 2, it can be seen inhibition effect of MEG is high (  is > 90 % corresponding with MEG 
concentration > 75 %). This is explained that the presence of MEG increases the viscosity of the 
solution and decreases the diffusivity of carbon dioxide [6]. Other hand, at high enough 
concentration of MEG (> 60 % [6, 7]), in a short immersion time, MEG can absorb on the metal 
surface and keep water and CO2 molecules away from the surface, so corrosion rate decreases 
even at high temperature of 45 
o
C. 
Table 2. Summarized corrosion rate valuesin solution with various concentrations of MEG. 
T, 
o




CR (mm/y) 0.2634 ± 0.03 0.0871 ± 0.01 0.0233 ± 0.003 0.0072 ± 0.004 0.0058 ± 0.003 




CR (mm/y) 0.4863 ± 0.02 0.2014 ± 0.01 0.0785 ± 0.002 0.0329 ± 0.002 0.0279 ± 0.001 
 (%)* 0.0 58.58 83.85 93.23 94.26 
* Inhibition effect  = (CRMEG% – CR0%)*100/CR0% (%) 
 
Figure 3. Comparison of corrosion rates of carbon steel X65 in test solutioncontaining various 
concentrations of MEG at 28 °C and 45 
o
C 
Comparison with 28 °C, corrosion rates of carbon steel at 45 
o
C is higher (Figure 3). The 
general corrosion rates are found to increase with increasing temperature at all MEG 
concentrations. 
High Pressure – High Temperature Test 





C are shown in Figure 4. The test results in autocalve with high temperature/presure 
obtain the same trend as in the rotating cylinder electrode test, the corrosion rate follows a 
decreasing trend as the concentration of MEG is increased at both temperatures of 28 
o











Figure 4. Comparison of corrosion rates of carbon steel X65 immersed in solution containing various 
concentrations of MEG at 28 
o
C and 45 
o
C. 
Based on the obtained results by electrochemical and loss weight methods, the corrosion 
rate of carbon steel in aqueous MEG solution (corresponding with corrosion at bottom of line) 
depends on the concentration of MEG. The corrosion rates at different concentrations of MEG 
measured by different techniques are in good agreement and SEM analysis further supports the 
above results. It was also shown that MEG has a strong inhibition effect on corrosion at the 
testing conditions. However, this effect is not significant unless the MEG content in the bulk 
liquid phase is higher than 70 wt. %. 
3.2.2. Influence of the glycol concentration on top of line corrosion 
The experimental results of corrosion rate of coupons in gas phase at 28 
o
C and 45 
o
C with 
different MEG content in liquid phase are shown in Figure 5. 
 
Figure 5. Evaluation of corrosion rates of carbon steel X65 in gas phase at 28 
o









Generally, corrosion rate in gas phase is very low in cases with and without MEG at both 
temperatures of 28 
o
C and 45 
o
C due to a little influence of CO2 on the corrosion in gas phase at 
a temperature lower than 50 
o
C [6]. However, surface morphology should be checked to 
determine if there is local/pitting corrosion. 
3.3. Surface analysis 
Surface of coupons has been studied with or without corrosion product by visual 
observation and SEM combined with EDS.  
3.3.1. Top of line 
Observation of coupon surface after testing in gas phase at 45 
o
C with high concentrations 
of MEG (75 %, 90 %) and at 28 
o
C with all MEG concentrations, the coupon surfaces change 
negligible, showing that the corrosion almost did not occur.  
However, with low concentration of MEG (0 %, 35 % and 50 %) at 45 
o
C, several black 
spots in the coupon surface can be visibly observed as description in Figure 6. 
35% 
MEG 
   
0% 
MEG 
   
 Before test After test Metallographic Images (x 50) 
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SEM analysis and EDS is carried out to qualitatively determine the elemental composition 
of the film on the coupon surface after test with solution without MEG at 45 
o
C. Corrosion 
product at position black spot is porous and contents element Cl, that shows the penetration of 











Figure 8. SEM images of the coupons tested in gas phase with solution containing 0, 35, 50, 75, and 90% 
MEG (correspond to images a, b, c, d, e) at 45
o
C. 
It can be seen in Figure 8, in the presence of MEG the coupon surfaces become less 
corroded than which without MEG. On the coupon surface tested in gas phase with a MEG in 
liquid phase of 0, 35, 50 %, a few spots can be observed, while coupons tested with 70 or 90 % 
MEG completely not observed corrosion. 
3.3.2 Bottom of line 
  
Before immersion After immersion 
Figure 9. The appearance of the coupon surface before and after immersion in test solution in Autoclave 
Figure 9 presents the morphology of coupon surface before and after testing at 45 
o
C, a 
protection film can be visibly observed on coupon surface after immersion in solution with 
presence of MEG (50 %, 75 %, 90 %). It’s due to suppressed diffusivity of CO2 is followed by 






concentrations close to the steel surface, and therefore, 
FeCO3 supersaturation is achieved more quickly, leading to the formation of the protective film. 
As observed metallographic image of the coupon sample in 90 % MEG at 45 
o
C (Figure 









Figure 10. The appearance and the metallographic image of the coupon surface in 90 % MEG at 45
o
C. 
SEM and EDS analysis (Table 3) is also carried out to qualitatively determine the elemental 
composition of the film on the surface of coupon after immersion in solution with presence of 90 
% MEG at 45 
o
C. Corrosion product at position a and b contents element Cl, that shows the 
penetration of salt water on the steel surface. 
Table 3. The elemental composition of the film on the surface of sample in 90 % MEG at 45 
o
C. 
Position C O Si P S Cl Ca Cr Mn Fe Ni Total 
(Mass%) 
Pos. a and b 3.77 24.34 0.29  0.07 0.2  0.5 1.34 69.49  100 
























C, 90 % MEG 
Figure 11. SEM images from the test coupons after immersion in 0, 35 and 90 % MEG solutions. 
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In addition, SEM image is performed to determine the extent of the corrosion in the 
absence and presence of MEG at different concentrations at 28 °C and 45 
o
C (Figure 11). 
Figure 11 presents the SEM images from the test coupons after 14 days of immersion in 0, 
35 and 90 % MEG solutions at 28 °C and 45 
o
C. The morphology of coupon surface exposed in 
the solution without MEG (0 %) shows that a general type of corrosion proceeded at the surface. 
The surface is uniformly corroded. In the presence of MEG, the surfaces become less corroded 
compared to that without MEG. 
3.4. Influence of the temperature 
The influence of the temperature is studied in experiments where the temperature is 
increased from 28 to 45 
o
C. Therefore, the results obtained at 28 and 45 
o
C are directly 
compared. 
Top of the line  
The corrosion rate obtained at low temperature is little lower than at the high. The 
corrosion rate at both temperature is low (< 0.025 mmpy) according to NACE PR0775 [10]. 
Therefore, at temperature of 28 - 45 
o
C, gas pipeline can avoid top of line corrosion. 
Bottom of the line  
The same observations can be made at the bottom of the line where the corrosion rate is 
more than two times higher for temperature 45 
o
C compared to 28 
o
C. It can be said, at the 
location where water is deposited, at high temperature, the corrosion rate should be considered. 
4. CONCLUSIONS 
MEG is a weak acid and causes a decrease in the pH of the solutions with increasing 
amounts of MEG, while in CO2 saturated solutions the pH of the solution is determined by the 
partial pressure of CO2. 
An increase in the MEG concentration results in a decrease in the corrosion rate at all 
concentrations and conditions of testing.  
At temperature of 28 – 45 oC gas pipeline can avoid top of line corrosion. However, the 
presence of solution containing MEG less than 70%, in some cases, can lead to localized 
thinning and/or pitting. 
It was also shown that MEG has a strong inhibition effect of CO2 corrosion in bottom of 
line. However, this effect is not significant unless the MEG content in the bulk liquid phase is 
higher than 70 wt. %. 
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